Background: Clinical in-stent restenosis (CISR) is the main limitation of coronary angioplasty with stent implantation.
Introduction
Since the first angioplasty performed in 1977 by Andreas Gruentzig, and despite technical and pharmacological improvements, restenosis continues to be the main limitation of interventional cardiology 1, 2 . The introduction of stents has eliminated the occurrence of elastic recoil and chronic negative remodeling, and reduced the rate of restenosis. However, since neointimal hyperplasia still persists, restenosis has not been completely eliminated 3 .
Clinical in-stent restenosis (CISR) is defined as the presence of symptoms of myocardial ischemia and/or evidence of ischemia on functional tests after percutaneous coronary intervention (PCI), associated with coronary angiographic evidence of stenosis ≥ 50% either on the site of the previously treated vessel, inside the stent, or 5 millimeters proximally or distally to the previously treated vessel, requiring a new revascularization procedure of the target lesion 4 . Rates of CISR are around 10%-15% 5, 6 , whereas angiographic ISR occurs at rates up to 50% [7] [8] [9] [10] .
In this context, drug-eluting stents (DES) have been developed to delay or eliminate the vascular response to the injury caused by the metal. The use of DES has decreased the restenosis rate to around 6% [11] [12] [13] , with maintained results on short-and long-term follow-up 14, 15 . CISR may present as an acute coronary syndrome (ACS) with increased morbidity and mortality 2, 16, 17 . However, there are limited data in the literature regarding clinical outcomes after treatment of CISR. The aim of this study is to report the clinical and angiographic characteristics of CISR and the outcomes of patients followed up for a minimum of twelve months after the diagnosis and treatment of CISR. After the CISR event and its treatment, patients were followed up for at least twelve months.
Ethical aspects
In addition, whe examined with the patient was supported by the public health care system (SUS-Sistema Único de Saúde) or a private health care plan.
Patients selection
We included all patients aged ≥ 18 years who presented to Hospital Madre Teresa after the first episode of CISR from January 1, 2009 to April 30, 2011 , and who were treated at this institution. Exclusion criteria were restenosis in arterial or venous grafts and occurrence of a second CISR (re-restenosis).
The initial selection included 119 patients who presented with CISR in the period mentioned above. Nine of these patients were excluded, four of them due to restenosis in a saphenous vein graft and five due to re-restenosis. The final cohort consisted of 110 patients. The outcomes were assessed in all patients and none were lost to follow-up.
Characterization of restenosis
CISR was defined as the occurrence of symptoms of myocardial ischemia or evidence of myocardial ischemia on functional tests after PCI, along with evidence of either a new stenosis ≥ 50% in the previously treated vessel, inside the stent or 5 mm proximally or distally to the lesion requiring a new revascularization of the target lesion 4 .
Risk factors, comorbidities and medications
Information about the clinical characteristics of the patients at baseline was retrieved from medical records. We considered in their personal history the occurrence of prior AMI, prior coronary bypass surgery (CAGB) Creatinine was measured at baseline and was considered elevated when ≥ 1.5 mg/dL. Family history was considered positive for CHD when a first-degree male and/or female presented AMI when aged ≤ 55 years and ≤ 65 years, respectively. In addition, we examined whether the admission was covered by Brazil's Unified Health System (Sistema Único de Saúde -SUS) or by supplementary health insurance.
Clinical presentation and management
We evaluated the types of clinical presentation, the average time for occurrence of CISR, whether CISR occurred after implantation of Bare Metal Stent (BMS) or drug-eluting stent (DES), the type of treatment performed, angiographic characteristics of CISR and the outcomes that occurred within twelve months from the date of the clinical presentation.
Clinical presentation was divided into six categories: asymptomatic with a positive test for ischemia, congestive heart failure (CHF), stable angina, unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI) and ST-segment elevation myocardial infarction (STEMI).
The average time for the occurrence of CISR was assessed in months from the date of the stent implantation to the date of the clinical presentation.
Treatment of CISR was divided into five types: PCI with BMS implantation, PCI with DES implantation, balloon PCI, CAGB and clinical treatment.
Follow-up and outcomes
The primary outcome was the occurrence of a major cardiac event (MACE), defined as cardiovascular death and nonfatal AMI, including periprocedural events. The secondary outcome was a composite of documented UA requiring hospitalization, target vessel revascularization (TVR) and target lesion revascularization (TLR).
Outcomes were initially assessed via telephone contact at least one year after the treatment for CISR. In the occurrence of an event, a face-to-face visit was then performed. All the events were confirmed with information retrieved from medical records, laboratory tests and electrocardiogram. In the case of death, the death certificate was checked. If more than one event had occurred during follow-up, the outcome that occurred first was considered.
Deaths were classified as cardiac and non-cardiac 18 . Nonfatal AMI was defined as the presence of at least two of the following criteria: clinical presentation of chest pain, presence of a new pathological Q wave in two or more contiguous electrocardiographic leads, or increase in myocardial necrosis markers 18 . We considered UA as the occurrence of a documented Braunwald class IIIB UA, defined as an acute, unstable primary angina with one or more episodes in the previous 48 hours 19 and requiring hospital admission. We defined as a TLR those reinterventions due to recurrence of the lesion within the stent implanted in the index procedure, or in the vascular segment extending 5 mm proximally or distally to the stent. A TVR was defined as a percutaneous or surgical reintervention for revascularization of the treated vessel.
Angiographic analysis
Angiographic analysis was performed with a previously validated digital system (Philips XCelera PACS, Amsterdam, the Netherlands) and independently conducted by two experienced and blinded interventional cardiologists. In the event of a disagreement, the assessment was then conducted by a third interventional cardiologist, and the final analysis was then considered.
The data analyzed from the angiographic reports included the location of the restenosis in the artery, Mehran's classification of restenosis 20 , the Thrombolysis in Myocardial Infarction (TIMI) flow grade prior to the procedure 21 , the presence of lesions ≥ 50% in the left coronary trunk (LCT) or ≥ 70% in other vessels, and the semiquantitative ventriculography.
Mehran's classification 20 divides ISR into four classes, namely class I ("focal"; < 10 mm in length), class II ("diffuse"; > 10 mm in length, but confined to the stent), class III ("proliferative"; > 10 mm and extending beyond the margins of the stent) and class IV ("occlusive"; presenting as a total occlusion).
TIMI
21 flow was graded as TIMI 0 if there was no opacification beyond the occlusion point, TIMI 1 if there was no opacification of the terminal portion of the vessel (penetration without perfusion), TIMI 2 when there was complete opacification of the vessel, but with delayed flow compared with the adjacent vessels and TIMI 3 if there was complete opacification of the vessel with similar flow as the adjacent vessels.
Semiquantitative ventriculography was classified as normal, or as having a mild, moderate, or severe dysfunction.
Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) or median (interquartile range), whereas categorical variables are presented as frequency (%). The Kolmogorov-Smirnov test was used to test the normality of the distribution of continuous variables. Clinical and angiographic characteristics of patients with and without outcomes were compared with the chi-square test, Fisher's exact test, Student's t test, or Mann-Whitney test, according to the type and distribution of the variable. Two-tailed p values < 0.05 were considered statistically significant. A cumulative survival curve was constructed with the Kaplan-Meier method, and the events rates were compared using the log-rank test. Univariate and multivariate analysis with the Cox proportional hazards model was used to determine the contribution of independent variables. Variables identified with p < 0.10 in the univariate analysis were included in the final Cox proportional model. All analyses were performed with SPSS version 20.0 (SPSS Inc., Chicago, IL).
Results
The cohort consisted of 110 patients with CISR who were followed up for 19.5 ± 10.2 months (median of 19.7 months, minimum of 12 months and maximum of 38 months; Graph 1). Clinical and angiographic characteristics of the general cohort and of the groups with and without a primary outcome are shown in Table 1 . The only statistical difference between these groups occurred in the frequency of treatment with nitrates (p < 0.001).
There were 75 (68.2%) male patients, with an average age of 61 ± 11 years (range 37 to 87 years). As for the types of treatment performed, there was a predominance of DES implantation (40 patients, 36.4%), followed by BMS implantation in 26 (23.6%), CAGB in 20 (18.2%), balloon PCI in 17 (15.5%) and clinical treatment in seven (6.4%; Table 2 ). CAGB was uneventful in 17 cases, but two patients had postoperative AMI and one had a stroke. There were no deaths related to CISR therapy during hospitalization.
Fifty-four (49.1%) patients were covered by supplementary health insurance, whereas 56 (50.9%) were covered by SUS. An analysis of the type of treatment according to the health coverage (SUS vs. supplementary health) showed that treatment with BMS predominated in patients covered by SUS (21.8% vs. 1.8%), whereas supplementary health insurance predominated in patients treated with DES (34.5% vs. 1.8%).
The median time between the stent implantation and the occurrence of CISR was 13.5 months (4.7 to 55 months). As for the angiographic classification, proliferative ISR (type III) occurred in 38 (34.5%) patients, followed by diffuse ISR (type II) in 36 (32.7%) of the cases.
An ACS was the main clinical presentation, occurring in 69 patients (62.7%), with 50 (45.5%) of the patients presenting with UA, followed by 14 (12.8%) cases of NSTEMI and 5 (4.5%) cases of STEMI. In the remaining cases, there were 31 (28.2%) cases of stable angina, 5 (4.5%) cases of CHF and 5 (4.5%) asymptomatic patients. As for the clinical presentation according to the health coverage plan (SUS vs. supplementary health), ACS occurred in 35.5% of the patients covered by SUS and in 27.3% of the patients covered by supplementary health insurance (p = 0.643).
The outcomes were assessed in all patients and none of the patients were lost to follow-up. Eighteen (16.4%) patients had a MACE, 13 (11.8%) of which consisted of nonfatal AMI, and 6 (5.5%) of cardiovascular death. One patient presented two primary events, and the event that occurred first was the one considered in the analysis. The secondary outcome occurred in 24 (21.8%) cases, 13 (11.8%) of which consisted of UA requiring readmission, and 11 (10%) of TVR and TLR (Table 2) .
During follow-up there were 6 (5.5%) deaths and 13 (11.8%) nonfatal AMI events. All deaths were cardiovascular-related; none of the deaths were related to the procedures of surgical or percutaneous intervention and two infarcts occurred after CAGB and one after PCI.
Overall, 98 patients (89.1%) had a BMS implantation and 12 (10.9%) had a DES implantation. Among patients with a primary outcome, 13 (72.2%) had an ISR in an implanted BMS and 5 (27.8%) had an ISR in an implanted DES. In the group presenting a secondary outcome, there were 20 (83.3%) ISR in an implanted BMS, and 4 (16.7%) ISR in an implanted DES.
Initial clinical and angiographic characteristics of the group of patients with and without secondary outcomes are shown in Table 3 . 
Discussion
This study demonstrated in the context of a routine clinical practice that there is a long-term increased risk of death or nonfatal AMI in patients with CISR in whom restenosis occurred in DES, and in those who received clinical treatment. It also showed an increased risk of UA with hospital readmission or with revascularization in patients treated with a new BMS implantation and in those who remained in clinical treatment.
The main clinical presentation in our study was ACS, both in the general cohort (62.7%) as well as in the groups of patients with primary (61.1%) and secondary (70.8%) outcomes. In both these groups, there was a predominance of UA, followed by NSTEMI and STEMI. Previous studies have demonstrated that CISR is not a benign event, presenting in most cases as an AMI or UA, both with BMS and DES 7, 16, 17, 21 . Although CISR presentation with ACS has been associated in previous studies with increased incidence of adverse cardiovascular events, angiographic restenosis and new revascularization procedures [22] [23] [24] , such associations were not observed in our study, perhaps due to the small size of our cohort.
There was a predominance in the evaluated sample of the angiographic ISR pattern class III (proliferative; 34.5%), followed by class II (diffuse; 32.7%). Recurrence rates of restenosis are associated with the angiographic pattern, with higher rates of new revascularization found in diffuse lesions -type II (around 34.5%) and proliferative lesions -type III (around 50%). Even though the angiographic pattern of ISR based on Mehran's classification 20 has been associated with prognostic and therapeutic implications, we did not find a relationship between the angiographic pattern and the occurrence of primary or secondary outcomes.
One of the most significant findings of this study is the observation of an increased risk of death (HR = 4.36) or new nonfatal AMI (HR = 4.36) in patients presenting CISR with DES when compared with BMS, even after multivariate analysis. This finding is relevant, since the main advantage of DES is to reduce ISR and new revascularization rates. This has expanded in recent years the recommendations for PCI with approach of more complex lesions and in patients with comorbidities 11, 25 . It has already been recognized in previous studies that ISR with DES is associated with greater severity, higher rates of MACE and new interventions due to its difficult approach 26, 27 . The treatment of ISR with DES has not been defined yet and there are several options available, such as balloon PCI, BMS implantation, DES with a similar drug or a different drug, drug-eluting balloon and CAGB [28] [29] [30] [31] [32] . Thus, although less frequent, ISR with DES is associated with worse outcomes compared with ISR with BMS [33] [34] [35] . Since we did not evaluate the criteria for initial indication of DES implantation, it may have been due to an increased severity of the lesions which may have interfered with our result. With DES, there is a delay in endothelialization and persistence of the inflammatory process caused by the antiproliferative drug which causes ISR to occur later, around twelve months after implantation 11 . New clinical and histological studies with DES have shown evidence of a continuous and late neointimal growth secondary to a process of neointimal hyperplasia associated with atherosclerotic changes at the stent site called neoatherosclerosis 36 . In this context, bioabsorbable stents seem to be an attractive therapeutic strategy, since they prevent the growth of neointimal tissue, without adding more metal structures to the vessel wall 37 .
Clinical treatment after the diagnosis of CISR, when compared with other forms of treatment, was associated with increased risk of adverse outcomes: a risk greater than ten times (HR = 10.62) of death or new AMI compared with other forms of treatment, and six times higher (HR = 6.28) of UA with hospital readmission or new revascularization (TVR and TLR). All seven (6.4%) patients who remained in clinical treatment after the diagnosis of ISR did not undergo a new revascularization procedure due to technical limitation. Our results corroborate the findings of Gottschall et al. 38 , who described that patients with CISR not treated with a new revascularization procedure and who remained in long-term clinical treatment showed higher rates of MACE (death, AMI and CAGB), compared with patients who underwent a new revascularization procedure.
Regarding the treatment of CISR and secondary events, we had a worse result in patients treated clinically or with BMS compared with those treated with DES implantation, balloon, or surgical treatment. Treatment of CISR with BMS was associated with a four-fold increased risk (HR = 4.08) of UA with hospital readmission or new revascularization (TVR and TLR) compared with other treatments. These results are in agreement with the state of the art in interventional cardiology, since the main advantage of DES is exactly the prevention of new interventions.
The profile of the patients who received clinical treatment did not differ much from that of patients in the general group. Patients treated clinically had an average age of 58.86 (± 5.6) years and were mostly males (85.7%). All patients in this group had hypertension and dyslipidemia, 28.6% were smokers, 42.9% had insulin-dependent DM and 14.3% had a prior CAGB. Presentation in these patients was as an ACS in 71.4%, UA in 57.1% and NSTEMI in 14.3%. None of the patients in this group presented with STEMI. When we analyzed the occurrence of previous AMI, we observed that it had occurred in 71.4% of the patients in this group, which was different from the rate in the general group, and that 71.4% of the patients who received clinical treatment were covered by SUS, but this comparison did not reach statistical significance.
Our choice of Braunwald class IIIB UA requiring admission for a secondary outcome was due to its greater severity, with a higher rate of long-term adverse cardiac events 39, 40 , and the possibility of documentation of the events during the patient's admission.
A unique aspect of our study was the finding that the type of stent (DES or BMS) used for the treatment of CISR differed [28] [29] [30] . Our study provides more evidence to the knowledge of complications that follow stent implantation in our population and can assist in the decisions of health providers regarding the treatment of coronary heart disease. This study is limited by its observational nature and by the fact that it was conducted in a single center with a small number of patients and events, which explains the wide confidence intervals. Another limitation was the absence of intracoronary ultrasound (ICUS) evaluation in the angiographic analysis of ISR. However, as noted earlier, our results still contribute with knowledge to this area since there is limited information of the clinical course after CISR.
Conclusion
In conclusion, we observed in our cohort that ACS is the main presentation of CISR. Long-term predictors of MACE were clinical treatment of CISR and CISR after DES. Treatment of CISR with implantation of BMS and clinical treatment of CISR were predictors of UA requiring hospitalization and new revascularization. CISR is a major challenge in medical practice, requiring new studies to identify risk predictors and better therapeutic approaches. 
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